Abstract: Since antiquity, mining has served as an integral component of nations' sources of revenue for many developing nations blessed with mineral resources. However, anecdotal evidence shows that the magnitude of the health impacts of mining in the Newmont Ghana Gold enclaves is beyond imagination. Yet, ardent research to measure the actual health implications is limited. This necessitated the need to examine the health implications of mining in Newmont Ghana Gold Limited enclaves in the Asutifi District, Ghana. A cross-sectional survey involving simple random and purposive sampled participants (N = 120) was conducted. Questionnaire and in-depth interview were used as research instruments. Data were analysed with a Pearson's Chi-square from the PASW for Windows application (V. 17.0). The study discovered that mining has a negative ramification on public health. The major health problems associated with mining in the Asutifi District include malaria, skin diseases, visual impairments and respiratory disorders which have a direct linkage to the morbidity pattern in the study communities. The prevalence of malaria is attributed to the neglect of uncovered mine pits which have accumulated water and serving as breeding grounds for mosquitoes. Furthermore, it has been established that diseases such as respiratory diseases and sight problems (poor vision) have been caused by suspended particulate matter emanating from the blasting of mineral bearing rocks. The health statistics on the top ten Out-Patient Diseases cases over a four year period (from 2006 to 2009) depict findings of our study. It has been recommended that Newmont Ghana Gold Limited collaborates with the various clinics to fight against certain diseases such as malaria and skin diseases and others found to be caused by the mining activities.
INTRODUCTION
Across the globe, demand for mineral products and production costs have increased. In this vein, there is high expectation for more exploration on the global scale. It is highly expected that mineral reserve will also fall in the West. In less developed countries where there are mineral reserves, there have been reforms to stimulate foreign investment (Amponsah-Tawiah and Dartey-Baah, 2011). However, Ackley (2008) establishes in a study of evaluating environmental risks in mining at Vatukoula Gold mine in Fiji that there is often lack of legislation governing the environmental performance of mining activities in developing countries. In the light of this, he recommends a full appreciation of both the negative and positive impacts associated with mining activities.
There are numerous kinds of dangers and negative ramifications associated with mining industry despite large quantum of investment being attracted by developing countries to their mining sector. Governments in the developing world can no longer afford to step up environmental, health and safety standards in order to reap the full benefits of the industry (Amponsah-Tawiah and Dartey-Baah, 2011). The importance of health can be conceptualized as longevity, energy and life. Thus, every nation seeks to achieve a healthy society (Adei et al., 2011) . In fact, good health is a prerequisite for sustainable socioeconomic development of every nation and community seeking to maintain a balance of growth. However, Stephens and Ahern (2001) maintain that mining activities are potentially dangerous for human health and at worst cause fatalities if not properly managed. Diverse health issues are associated with the mining environment. Injury remains a major problem and can range from minor to lethal. The causes of these injuries originate from seven main sources which are rock fall, fires, explosions, mobile equipment, accidents, entrapments and flooding of underground mines (Donoghue, 2004) . Kitula (2006) posits that in Tanzania, mining related fatalities such as death and diseases occurred as a result of collapsing of tunnels and the presence of poisonous gases underground. To Ocansey (2013) , mining activities pollute water bodies as a result of metals used by mining companies which then enter into streams and rivers. This further infiltrates into ground water. The discharge of poisonous substances such as mercury into water bodies poses serious threat to human health because water bodies become polluted and are not safe for human consumption (Hilson, 2002) . Consuming this polluted water thus threatens human health. A study conducted in the Philippines by Akagi et al. (2000) found that major chemicals that contribute to water pollution in mining communities is mercury. Lakshmi (2009) observed that Arsenic poisoning causes skin lesions, peripheral vascular disease, risk of cancers, "Blackfoot disease"; Cyanide causes suffocation, nausea and dizziness; Mercury causes Neurotoxin, especially to fetus, infants and children. In a similar study, Bench Marks Foundation (2007) found in South Africa that many workers suffer from silicosis, a respiratory disease that is caused by inhaling silica and results in inflammation and scarring of the lung tissue or tuberculosis. In the same study, it was made known that about eight in ten of patients around Rustenburg suffer from respiratory infections and the extent of air pollution caused by the mines still has to be sufficiently examined. This is because there is lack of independent air quality monitoring capacities in the region. In Ghana, Yeboah (2011) , writing on environmental and health impact of mining on surrounding communities in Obuasi, noted that air pollution emanating from the emission of dust and other chemicals into the air from mining has resulted in respiratory infections. Ocansey (2013) and Kitula (2006) independently observe that uncovered mining pits provide an enabling environment or serve as breeding grounds for mosquitoes, thus, increasing the incidence of malaria. Donoghue (2004) has explicated that noise-induced hearing loss is a common phenomenon resulting from blasting, cutting, handling of materials, crushing, conveying and processing. Crystalline silica can bring about the problem of silicosis of HIV infections while at the same time increasing the risk (ibid). AmponsahTawiah and Dartey-Baah (2011) indicate that health and social impacts of mining activities include hearing losses and silicosis, which conditions are created by the blasting and drilling activities with their resultant noise and dust, which have become nuisance in the mining regions.
The relationship between mining and diseases aetiology has been established in a large body of literature. These diseases according to Akabzaa et al. (2007) , include diarrhoea, skin diseases, acute eye infections and schistosomiaisis. The main causes of these diseases are pollutants and accidents at the mines (Akabzaa and Darimani, 2001 ). Yeboah (2011) reported that the top three diseases as a result of mining in Obuasi include malaria (41.7%), respiratory diseases (27%) as well as skin diseases (17.7%). In a similar study at Ntotroso in the Asutifi District, Ghana, it was concluded that malaria which was the prevalent disease was directly associated with mining (Adei et al., 2011) .
Newmont Ghana Gold Limited undertakes surface and underground mining. The use of heavy machines and chemicals underground cause contamination of streams and rivers which provide fresh water for surrounding communities, leading to mining related infections. Dynamite used to blast large rocks to aid excavation of the area emanates vibrations and noise which potentially interfere with human health. The release of particulate matter into the atmosphere pollutes the air and this has high tendency of leading to respiratory diseases (Yeboah, 2011) . Anecdotal evidence shows that the magnitude of the health impacts of mining in the Newmont Ghana Gold enclaves is beyond imagination. Nevertheless, ardent research to measure the actual health implications is limited. Whilst Opoku-Ware (2010) focused on social and environmental impacts of mining activities on indigenous communities, Adei et al. (2011) concentrated on linkages between mining activities and health status of people in Ntotroso. To expand our understanding as regards health effects of mining on a wider scale is relevant. The study specifically aims at examining the health implications of mining in Newmont Ghana Gold Limited enclave in the Asutifi District, Ghana. (Asutifi District Assembly, 2010) . Due to the mining activities, the mining communities have experienced a growth in business activities in mining related industries (Asutifi District Assembly, 2012) (Fig. 1) . (Fig. 2) .
DATA AND METHODS

Overview of Asutifi district:
Setting, research design and variables:
The study was conducted in Asutifi District in the BrongAhafo Region of Ghana. Asutifi District was selected for the study based on the pervasiveness of mining activities in the district. This study employed a cross-sectional survey involving mixed approach of both qualitative and quantitative research design. The independent variables include sex, age, religious affiliation, income, employment status, years of stayed in the community, ethnicity and marital status. Other variables include the diseases that respondents frequently contract, relationship of diseases to mining activities and causes of health effects of mining. The health of the respondents was measured based on the responses given by the respondents in each of the selected communities. These were therefore operationalized and coded so that accuracy in measurements would be ensured. Also, information on the diseases that affect the respondents in the study areas was collected from the health workers in the study areas to know whether or not some of them are related to the mining activities.
Sampling and study participants:
The study participants included residents in the selected communities who had attained 18 years as of the period of the survey. This criterion was used because it is believed that at the age of 18, an individual can demonstrate in-depth knowledge regarding how mining is impacting on his/her health. The strategy for recruiting participants involved both simple random and purposive sampling techniques. In all, four communities viz. Acherensua, Kenyasi, Ntotroso and Hwidiem were purposively selected based on their proximity to the mining sites and for that matter, mining activities were pervasive in these communities. Altogether, a sample size of 120 was deemed adequate for this study. Simple random sampling technique was used to select the study participants from households in the selected study communities. This was done by making a blind folded person to randomly select the respondents. In situation where the selected respondent refused to participate in the study, the whole process was repeated to select another respondent. Officials from the Newmont Ghana Gold Limited, health care professionals and the Asutifi District Assembly officials were selected purposively for the study.
Research instrument and data collection procedure:
Primary data were collected through formal face-to-face interviewer-administered questionnaires. This was done so as to increase response rate and full completion of the questionnaire sets. Research assistants were recruited and trained to help in the data collection processes. Also, in-depth interview guides were developed and used to collect data from the officials of Newmont Ghana Gold Limited, Asutifi District Assembly and workers of health centers within the localities. This made it possible to compare the views of the residents to that of the officials of the institutions. The standpoints of the interviewees were recorded digitally to aid full records of the discussion. Moreover, personal observation was undertaken by the researchers to complement those gathered through questionnaires and interviews. Ethical issues were addressed before the data collection commenced. Community leaders and the individual respondents alike were briefed about the main aim of the study and were assured of full confidentiality of the information they proffered.
Data analysis:
The quantitative data were entered into electronic database and analyzed statistically through the Predictive Analytics Software (PASW) for Window application programme (Version17.0) and Microsoft Excel 2010. Descriptive statistics were conducted to describe the study sample. Non-parametric Chi-square test was performed to measure extent of relationships in the study variables. The major normative issues and the concerns of the respondents were edited and presented through direct quotation techniques in the qualitative data analysis. Table 1 ). Major diseases in the district: Table 2 presents common disease that afflicted community members by place of residents. Majority of the respondents suffered from malaria (30.8%), skin diseases (29.1%) and respiratory diseases (18.8%). On the diseases that respondent's family contract, a comparative analysis revealed that Hwidiem community had the highest cases of malaria (41.4%) followed by Ntotroso (37.9%), Acherensua (30%) and Kenyasi (13.8%). However, skin diseases (41.4%) and respiratory diseases (27.6%) are prevalent in Kenyasi than the other three communities as of the time of field survey. Despite these variations in disease afflictions, no significant differences were observed among the four study settlements (p>0.05). Majority of the respondents (67.2%) reported that they did not have these diseases in five years ago as of the time of the field survey. With regard to the diseases that respondent's family contract, it was revealed that most of them suffer from Malaria (43.1%), diarrhoea (16.4%), skin diseases (19.8%).
RESULTS
Characteristics of the Study Participants:
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Most of the respondents (69.5%) related these diseases to the mining activities. One respondent at Ntotroso noted that: This suggests the extent to which mining is impacting adversely on the health of the people. Malaria, URTI and skin diseases were the most common health problems among the respondents (see Table 2 ). This was confirmed by the top ten Out-Patient Diseases in the records of the Asutifi District Health Directorate over a four year period; that is from 2006 to 2009. It could be deduced that malaria remained the highest disease in the district throughout the years followed by Upper Respiratory Tract Infection (URTI) (see Table 3 ).
Diseases aetiology and diffusion:
Based on the disease profile reported by the respondents, major diseases that posed public health challenges in the study area were directly or indirectly associated with the operation of mining activities. These health problems in ascendency included malaria, skin diseases, respiratory diseases, sight problems and intestinal worms. Malaria was attributed to the proliferated uncovered mine pits that have accumulated water and serving as breeding grounds for mosquitoes. In an interview with a male physician at the Kenyasi Clinic, he stated that:
"The increasing malaria cases recorded in this community is due to the proliferation of stagnant waters induced by uncovered mining pits"
Diseases such as skin rashes were directly related to residents' exposure to mining activities, especially by the use of contaminated water for bathing and inhalation of polluted air caused by the blasting effect of rocks. Furthermore, skin diseases were confirmed by the health officials as the direct outcome of the mining activities. According to a male health worker at the St. Elizabeth Hospital:
"Diseases such as intestinal worms and skin diseases are mainly caused by pollution of water by Newmont"
Arguably, skin diseases were the resultant effect of polluted water used mainly for bathing. One respondent at Acherensua made the following statement with regard to the causes of the prevalent skin diseases in the area:
"The chemicals used in the processing of the minerals mostly find their ways into the various water bodies which are also the sources of the drinking water for the people. Dependence on it eventually results in infection of water-borne diseases"
One resident at Kenyasi made this declaration: The officials of Newmont Ghana Gold Limited supported the views of the respondents. They attributed the health consequences of mining to the pollution of water bodies, blasting and noise from their heavy equipment's as well as the chemicals used by the company. The official at Newmont reiterated that:
"Mining affects the air through pollution which in effect affects the people. Also cyanide leakages affect water bodies that serve as drinking water to some community people"
A health worker at the Acherensua Clinic added that the increasing worm infestation in the community is also induced by the presence of coliform in drinking water sources, most of which are due to faecal matter contamination from the mining areas.
Diseases such as respiratory disorders and sight problems (poor vision) were caused by suspended particulate matter emanating from the blasting of mineral bearing rocks. Acute Respiratory Infection (ARI) was identified by the health officials as resulting from air pollution. Diseases such as waist and bodily pains were tied to the tedious nature of the mining occupation, especially among the mining workers.
Intervention measures to health problems in the mining area: Based on the health conditions and diseases prevalent in the study communities, our study sought to find out intervention measures by Newmont Ghana Gold Limited. This was to enable us to effectively assess the preparedness of the mining company to address the health problems associated with the mining activity as part of their mandatory corporate social responsibility.
In this regard, 24.2% of respondents said that the mining company was helping the community to address their health concerns whereas 75.8% of the respondents said that the mining company has not addressed their health challenges (see Table 4 ).
Most respondents posited that their estimated monthly income could not even cater for their health insurance premium let alone buying of prescribed drugs and paying for treatment not covered by the National Health Insurance Scheme.
However, as part of control measures to limit the extent of water pollution, the company has built a dam to accumulate the polluted water from the mines downstream. Other measures put in place by Newmont Ghana Gold limited include reduction of air pollution, resettlement of the affected people, providing health equipment such as drugs and rehabilitation of health facilities.
DISCUSSION
The study examined health effects of mining in Newmont Ghana Gold Limited Enclaves, taking evidence from Asutifi District in the BrongAhafo Region, Ghana. Current evidence suggests that mining has negative impact on the health of mankind. Stephens and Ahern (2001) maintain that mining is potentially dangerous for human health and at worst causes fatalities if not properly managed. Kitula (2006) posited that in Tanzania, mining related fatalities such as death and diseases occurred as a result of collapsing of tunnels and the presence of poisonous gases underground. A substantial proportion of the respondents (69.5%) attributed various diseases such as malaria, skin diseases, respiratory diseases and sight problems in the areas to the mining activities. This finding has validated other research findings (Stephens and Ahern, 2001; Kitula, 2006) .
Our study found that diseases such as malaria (30.8%), skin diseases (29.1%) and respiratory diseases (18.8%) were prevalent in the Newmont Enclaves. This finding supports various studies that reported prevalent diseases in mining communities in Ghana and elsewhere (Akabzaa et al., 2007; Yeboah, 2011; Adei et al., 2011) . Statistically, the prevalence rate of malaria and skin diseases were much lower in the study areas than what was reported by Yeboah (2011) in Obuasi. Likewise, skindiseases were also higher in the current study than what was reported earlier by Yeboah (2011) . The differences in the results might be due the sample size, research design, sampling technique and the study settings. However, our finding contradicts with some previous studies (Lakshmi, 2009; Amponsah-Tawiah and Dartey-Baah, 2011) . Diseases such as peripheral vascular disease, cancers, suffocation, nausea and dizziness, hearing losses and silicosis were not found in the study areas. This contradiction lies in the years of operation of the mining company. This is because Newmont has not operated in the study areas for long period of time. Thus as time goes on, these diseases are likely to manifest in the areas. The mineral commission and those responsible for mining operation in Ghana thus need to put up measures in place so as to prevent these diseases likely to emerge and compound the existing health challenges in the areas in the long run. The onus therefore lies on these institutions to furnish the communities members with the right source of information such that they can desist from drinking polluted water in the areas and also stay away from the operation of the Company.
Our study shows that the increasing malaria cases were as a result of the proliferated uncovered mine pits that have accumulated water and serving as breeding grounds for mosquitoes. This result is akin to the findings of other studies (Kitula, 2006; Ocansey, 2013) . They reported that uncovered mining pits provide an enabling environment or serve as breeding grounds for mosquitoes thus, increasing the incidence of malaria. Thus, most of the residents in the areas continue to be exposed to malaria in as much as the Newmont continues to operate in the areas.
Water is a basic commodity in life without which man cannot survive. However, mining undermines this basic principle. Our finding shows that diseases such as skin rashes were directly related to residents' exposure to mining activities, especially, by the use of contaminated water for bathing and inhalation of polluted air caused by the blasting effect of rocks. Previous studies have reported that mining activities pollute water bodies through the use of metals and chemicals such as mercury and cyanide (Hilson, 2002; Ocansey, 2013) . The discharge of poisonous substances such mercury into water bodies poses serious threat to human health because water bodies become polluted and are not safe for human consumption (Hilson, 2002) . This finding is in consonance with other studies (Hilson, 2002; Ocansey, 2013) . As individuals and families continue to be exposed to polluted water, health conditions will forever remain a challenge with consequence effect on food security. This is because most of the polluted water bodies are relied upon by the communities as alternative water sources.
Our study found out that NGGL has instituted measures such as limiting the extent of water pollution, reducing the incidence of water pollution, rehabilitating some of the clinics in the study communities and resettlement of some of the affected people to reduce their exposure to environmental health hazards. The study revealed that the Company is minimizing the dust emission on the roads by constantly watering the untarred roads. However, dust emissions from the blasting mechanism remains uncontrolled; hence, increasing air pollution and other environmental health hazards. Furthermore, Newmont has put up control measures to limit the extent of water pollution. The Company has built a dam to accumulate polluted water from the mines downstream. Despite these intervention measures, diseases such as malaria and respiratory diseases still constitute a threat to public health. It could be deduced that most of these measures put forward by the NGGL are not sustainable.
Our study was confronted by a number of limitations. In the first place, the cross sectional survey employed might lead to recall bias. Furthermore, most of the respondents were not willing to provide data needed for the study because they claimed that the process was time wasting and energy sapping but will hardly improve their social wellbeing. However, mechanisms were put in place to minimize their effects on the study and thus made minimal impact on the result of the study.
CONCLUSION
The current study provides evidence to suggest that mining activities have resulted in the health problems in the Newmont Ghana Gold Limited Enclaves in the Asutifi District. The major health problems was attributed to malaria, skin diseases, visual impairments and respiratory disorders which has a direct linkage to the morbidity pattern in the study communities. The prevalence of malaria was attributed to the neglect of uncovered mine pits which have accumulated water and serving as breeding grounds for mosquitoes. Furthermore, it has been established that diseases such as respiratory diseases and sight problems (poor vision) have been caused by suspended particulate matter emanating from the blasting of mineral bearing rocks. The health statistics on the top ten causes of OPD over a four year period (from 2006 to 2009) reflect findings of our study. It has been recommended that NGGL must collaborate with the various clinics to fight against certain diseases such as malaria and skin diseases and others found to be caused by the mining activities.
RECOMMENDATIONS
Based on the findings of the study and health challenges associated with mining activities, the following recommendations to address the health effects of mining are made:
• Newmont Gold Ghana Limited should organize regular health program in the surrounding communities of Kenyasi. The health program should be incorporated with frequent health screening as well as educating the people on how to live in good health. There should be a mechanism in place so that it will be sustainable.
• In as much as Newmont is commended for enrolling all their workers and families (such as their wives and children) onto the National Health Insurance Scheme (NHIS) to access medical care, it is recommended that they support the poor people in the area to enroll in the NHIS so that they could also access better health care.
• Newmont, in collaboration with the Asutifi District Health Directorate, should provide health equipment and drugs for the clinics in the area. Also, the company must collaborate with the various clinics to fight against certain diseases such as malaria and skin diseases and others found to be caused by the mining activities.
• The agencies responsible for monitoring, regulation and evaluation of activities of the mining company should ensure that water bodies are not polluted by Newmont. They should make sure that Newmont provides alternative sources of potable drinking water such as bore holes and pipe borne to the affected communities.
• Residents in the communities should insist on using mosquitoes nets in their rooms especially for expectant and nursing mothers and children to avoid malaria infections through biting by mosquitoes. In line with this, reliable and pragmatic measures should be deployed by Newmont to protect all pits that serve as breeding grounds for mosquitoes. Again, the health official of NGGL and opinion leaders in the various communities should come together to negotiate for free insecticide mosquito nets for the residents in the communities.
